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Introduction

IBD, also known as Gumboro disease (Cosgrove, 1962),
is a major viral immunosuppressive disease of young

chickens. Although the mortality pattern is inconsistent,
economic losses are due to secondary microbial infections
(Hirai et al., 1974; Saif, 1991). IBDV (the species Infectious
bursal disease virus, the genus Avibiranvirus, the family
Birnaviridae) (van Regenmortel et al., 2000) is a non-
enveloped icosahedral virus of 60 nm in diameter (Hirai et
al., 1974), consisting of two segments (A and B) of dsRNA
(Muller et al., 1979). The smaller segment B (2.8 kb)
encodes VP1, the putative dsRNA polymerase (Azad et al.,
1985), while the larger segment A (3.3 kb) encodes a 110
K polyprotein N-VP2-VP4-VP3-C (Hudson et al., 1986) and
a 17 K VP5, speculated to induce apoptosis in cell cultures
(Tanimura and Sharma, 1998). The precursor polyprotein
is processed into mature viral proteins VP2 (37–40 K), VP3
(32–35 K) and VP4 (24 K) (Hudson et al., 1986). Among
these, VP2 and VP3 are major structural proteins of the
virion, forming the proteinaceous shell. VP3 contains
serotype, group-specific and cross-reactive antigenic sites
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(Mahardika and Becht, 1995); a linear epitope has been
localized at the C-terminus of this protein spanning aa 908–
1012 on VP3 (Yamaguchi et al., 1996).

The diagnosis of IBD relies mainly on conventional
techniques like virus isolation, agar gel precipitation test
(AGPT), counter-immuno-electrophoresis, histopathology,
indirect immuno-peroxidase test, indirect ELISA, serum
neutralization test (SNT), fluorescent antibody technique
(FAT), and latex agglutination test (Hirai et al., 1974;
Durojaiye et al., 1985; Kumar and Rao, 1992; Sah et al.,
1995; Marquardt et al., 1980; Howie and Thorsen, 1981;
Jackwood and Saif, 1987; Nachimuthu et al., 1995).
However, these tests are disadvantageous, namely they are
time consuming, poorly sensitive and non-specific. Modern
molecular techniques like hybridizations using nucleic acid
probes and RT-PCR are very useful for the diagnosis of IBD
(Kataria et al., 2001). However, synthetic peptides and
antisera/antibodies against them offer an approach to
development of a safe and chemically defined method for
detection of the virus in bursal samples.

Synthetic peptides have turned out to be good
therapeutics, immunogens and diagnostic tools. They often
mimic natural regions occurring within viral antigens.
Prediction of antigenic determinants on immunogenic
proteins of viruses and testing of the resulting peptides offer
a simple means of developing virus detection methods.

In this study, we employed an approach of this kind in
developing a method for detection of the IBD in poultry.
The mapping of epitopes of several viral antigens using
synthetic peptides and monoclonal antibodies has been done
by Geysen et al. (1984). Similarly, synthetic peptides have
been used for detection of antibodies to many viruses such
as HIV-1 (Lombardi et al., 1983), Hepatitis C virus (Rosa
et al., 1995), Epstein-Barr virus (van Grunsven et al., 1994),
Equine infectious anemia virus (Ball et al., 1992) as well as
for differential diagnosis of HIV-1 and HIV-2 (Gnann et al.,
1987).

Keeping all this knowledge in view, the present study
was attempted to identify a specific antigenic determinant
on VP3 of IBDV and to develop a method based on an
antibody against a peptide for diagnosis of IBDV infection
in poultry.

Materials and Methods

Biologicals and immunologicals. The virulent Indian Cari stra-
in of IBDV, antisera to IBDV, antisera to Ranikhet disease virus
(RDV), antisera to Fowl adenovirus (FAV), and IBDV-negative
sera were obtained from the Division of Avian Diseases, Indian
Veterinary Research Institute.

Animals. Six-month-old New Zealand white rabbits of either
sex from the Laboratory of Animal Resources, Indian Veterinary
Research Institute, were used for immunization.

Prediction of antigenic determinants. Sequence data for va-
rious strains of IBDV were obtained from the EMBL GeneBank
database. The strains with their Acc. Nos. were as follows: strain
002-73, P08364; strain Cu-1, P15480; strain Edgar, A33255;
GZ29112, AF051837; strain OKYM, D49706; strain PBG-98,
P25220; strain STC, P22351; strain 52/70, P25219; and strain
UK661, X92761 of IBDV serotype 1 and strain OH, P27276 of
serotype 2.

The sequences were used in the Laser Gene Software Package
of DNA-STAR Program for the algorithmic prediction of secon-
dary structures and antigenic determinants on VP3 of IBDV. Com-
parative analyses for the aforementioned strains were performed
and consensus sequences were chosen for peptide synthesis.

Synthesis of bead-bound peptides for selected sequences. Pep-
tides for selected regions of VP3 were synthesized on 4-hydroxy-
methyl-phenyl-acetamido-methyl resin (PAM resin) beads.

A Glycine-Glycine (Gly-Gly) spacer was attached to the PAM
resin beads and 1 mg of beads for the synthesis of each peptide
was used. The amino acid sequences used for synthesis of the pep-
tides corresponding to the VP3 region are given in Table 1. The
peptides were synthesized by solid-phase peptide synthesis (Mer-
rifield, 1963) by employing the 9-fluorenyl-methoxy-carbonyl
(FMOC) chemistry with HBTU (2-(1H-benzotriazole-1-yl)-oxy-
1,1,3,3-tetramethyluronium hexafluorophosphate) coupling. The
bead-bound peptides were dried and stored at 4°C. The synthesis
working with 100% yields was checked by simultaneous random
peptide synthesis, by hydrolyzing the peptide using 6 N HCl, and
by checking the resulting amino acids by thin layer chromatograp-
hy and high performance liquid chromatography.

ELISA for screening of synthetic bead-bound peptides. A mo-
dification of liquid phase ELISA (Syu and Kahan, 1991) was em-
ployed. The bead-bound peptides were treated with a blocking
buffer (10% (v/v) fetal bovine serum (FBS), l0% (w/v) bovine
serum albumin, 0.05% Tweeen 20, all in phosphate-buffered sali-
ne (PBS) pH 7.2) for 2 hrs at 37oC. A hundred µl of a serum (1:50
dilution) was added and incubated in a microcentrifuge tube for
1 hr at 37oC. The unreacted antibodies were removed by washing
the beads five times with the PBS-T buffer (0.05% Tween 20 in
PBS) and by pelleting the beads by centrifugation at 4,000 x g for
5 mins and then the supernatant was removed. The beads were
incubated with a rabbit anti-chicken IgG conjugated with horse
radish peroxidase, diluted 1:20, 000 in the blocking buffer, for
2 hrs at 37oC. After stringent washing, 100 µl of a substrate solu-
tion (7 mg of ortho-phenylene-diamine and 8 µl of H2O2 in 10 ml
of citric-acid phosphate buffer pH 5.0) was added and kept at 37oC
for 15 mins in dark for color development. Then from each tube
100 µl of the supernatant was transferred to the wells of a 96-well
ELISA plate and the reaction was stopped by the addition 100 µl
of 1 mol/l H2SO4. A492 was read in an ELISA reader.

Regeneration of bead-bound peptides. After each ELISA the
peptides were regenerated by breaking the peptide-antibody com-
plexes by soaking the beads twice in 300 ml of an urea buffer
(8 mol/l urea, 0.1 % SDS, and 0.1% 2-mercaptoethanol) for 2 x 10
mins followed by 5-fold washing in PBS-T. In this way the bead-
bound peptides were regenerated and reused for more than 50 times.

Synthesis of MAPs. Three MAPs were synthesized by direct
FMOC chemistry with HBTU coupling (Tam, 1988). Alanine was
attached to the Wang resin followed by lysine branching to form



41SARAVANAN, P. et al.: DIAGNOSIS OF IBD BASED ON A SYNTHETIC PEPTIDE

eight dendritic arms of core matrix over which each peptide sequ-
ence was synthesized. The MAPs were cleaved from the resin with
95% trifluoroacetic acid in water, dried and stored at -70oC. The
purity of the resulting MAPs was checked by reverse phase high
performance liquid chromatography using a RPC-250 T column.

Production of antisera to MAPs in rabbits. The antisera were
produced in New Zealand white rabbits according to McLean et
al. (1991) with necessary modifications. Rabbits were injected in-
tramuscularly with each MAP emulsified in equal volume of
Freund's complete adjuvant (FCA) in the first injection and then
in Freund's incomplete adjuvant (FIA) (Sigma) in subsequent in-
jections. Rabbits were injected on days 0, 10, 30, and 40 with 75,
100, 125 and 150 µg, respectively, of each MAP and bled on days
0, 7, 17, 37, and 50. A final booster dose of 200 µg of each MAP
in FIA was administered on day 90 and bled on day 97 post immu-
nization. The antisera were used in ELISA for screening of bursal
samples. For each MAP four rabbits were immunized and the se-
rum from the rabbit showing the highest titer was used for titration
of the antisera to MAPs. In total 16 rabbits were immunized: four
rabbits for each MAP, and four rabbits inoculated with PBS ser-
ved as controls.

Purification of antipeptide antibodies by DEAE-Sephadex
chromatography. The antipeptide antibodies were purified from
the anitsera by a simple one-step ion-exchange chromatography
according to Page and Thorpe (1996). Briefly, micropipette tips
(1 ml capacity) were packed with 500 mg of DEAE-Sephadex in
sterile water. The column was equilibrated with a sodium phos-
phate buffer pH 6.3. Then 1 ml of a serum sample was overlaid on
top of the column and the eluate was saved. Then the column was
thoroughly eluted with 4x1 ml of the buffer mentioned above and
all the eluates were pooled and used in ELISA.

Virus cultivation and purification. IBDV was propagated in
primary chicken embryo fibroblast (CEF) cultures. CEF cultures

were grown in Glasgow Minimum Essential Medium (GMEM)
supplemented with 10% of newborn calf serum. A stock virus was
diluted 1:100 and left to adsorb onto a confluent cell monolayer in
Roux flasks for 45 mins. Then a maintenance medium (GMEM
supplemented with 2% of newborn calf serum) was added and the
cultures were incubated at 37oC. The cultures were harvested at 72
to 96 hrs post infection (p.i.), when typical cytopathic changes
like rounding, focal necrosis and detachment of cells from the sur-
face were observed in 80–90% of cells. The virus was purified
according to Cruz-Coy et al. (1993) with necessary modifications.
Cultures in Roux flasks were subjected to 3 cycles of freezing and
thawing and the cell debris were pelleted by a centrifugation at
3,000 x g for 20 mins. Virus in the supernatant was pelleted at
100,000 x g for 2 hrs in a Sorvall ultracentrifuge at 4oC. The virus
in the pellet was resuspended in 1 ml of TNE buffer (50 mmol/l
Tris-HCl pH 7.5, 150 mmol/l NaCl, and 10 mmol/l EDTA) and
pelleted at 120,000 x g for 3 hrs at 4oC on a cushion of disconti-
nuous 30%–60% sucrose gradient. The opaque band at interface
containing the virus was collected. Sucrose was removed by dilu-
ting the virus at least five times in TNE buffer and by pelleting
again at 100,000 x g for 2 hrs at 4°C. The final virus pellet was
resuspended in TNE buffer pH 8.0 and stored at -20°C until use.

Titration of antipeptide antibodies were determined by indi-
rect ELISA using 2 ng of a MAP for coating each well. Similarly,
the reactivity of the antipeptide antisera was evaluated using 0.8 µg
of IBDV whole antigen in a separate experiment.

Mean A492 values higher than the 2-fold of A492 value of the
negative control were considered positive. Titers were expressed
as reciprocals of the highest dilutions of sera showing positive
reaction.

Evaluation of bursal samples. Twenty clinical bursal samples,
processed as 10% suspensions in PBS, were tested by AGPT and
indirect ELISA.

Table 1. Sequences of peptides synthesized for VP3 region of IBDV

Serial No. Region on VP3 Length (No. of aa) Amino acid sequence

1 p722–735 14 IKRFPHNPRDWDRL
2 p745–754 10 PNAGRQYDLA
3 p758–768 11 SEFKETPELES
4 p806–817 12 ALSDPNAHRMRN
5 p824–837 14 QAGSKSQRAKYGTA
6 p841–849 9 VEARGPTPE
7 p852–865 14 QREKDTRISKKMET
8 p881-890 10 HRGPSPGQLK
9 p893–904 12 QNTREIPDPNED
10 p907–921 15 DYVHAEKSRLASEGQ
11 p932–941 10 APGQAEPPQA
12 p951–965 15 EVNHGRGPNQEQMKD
13 p971–981 11 MEMKHRNPRRA
14 p974–995 22 KHRNPRRAPPKPKPKPNVPTQR
15 p983–995 13 PKPKPKPNVPTQR
16 p1004–1013A 10 IRAVSDEDLE
17 p1004–1013T 10 IRTVSDEDLE
18 pRandom 10 PSARAVANAN

Peptide Nos. 16 and 17 differ by a single amino acid at the position 1006.
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Results and Discussion

Identification of antigenic determinants on VP3 protein
of IBDV

Using the Laser Gene Software of DNA STAR Program
and computer modeling the prediction of antigenic
determinants on VP3 protein (aa 724–1012) of IBDV was
performed and the sequences are shown in Table1. The
abovementioned Program predicts antigenic determinants
according to a score generated on the basis of secondary
structure (Chou and Fasman, 1978; Garnier et al., 1978),
hydrophilicity (Kyte and Doolittle, 1982), f lexibility
(Karplus and Schultz, 1985), surface probability, and
antigenic index (Jameson and Wolf, 1988). The used
algorithm predicts only the likelihood of a potential epitope
and hence requires actual verification.

Of the two serotypes of IBDV, the serotype 1 is
pathogenic to chicken, while the serotype 2 is apathogenic
to chicken and was isolated from turkeys (Ismail et al., 1988).
The obtained sequences were aligned and analyzed for the
strains 9 and 1 of the serotyopes 1 and 2, respectively. The
sequences conserved among the serotype 1 strains and
variable for the serotype 2 strain OH were used for prediction
of antigenic determinants. In this way 17 probable antigenic
determinants were predicted.

Synthesis of bead-bound peptide analogs

A total of 17 peptides for VP3 and one control peptide
with a random sequence of PSARAVANAN (10-mer) were
synthesized. The location of potential regions and the amino
acid sequences and the length of the peptides are depicted
in Table 1. The analysis revealed 17 probable regions within
VP3, the length ranging from 9 to 22 amino acids. The
peptides were successfully synthesized by solid phase
peptide synthesis using PAM beads (1 mg per peptide). In
order to maintain a desired gap between the peptide epitope
and bead surface to facilitate the antibody reaction and to
avoid interference in ELISA, a Gly-Gly spacer was linked
onto the PAM beads, which was found to be the optimal
spacer as reported earlier (Yu and Chu, 1997). The results
indicated that the PAM beads with Gly-Gly helped in the
efficient projection of the peptide epitope to the antibody
without any hindrance in ELISA, as glycine is the only amino
acid without any side chain. It was evident from this study
that 1 mg of PAM beads were sufficient for each peptide
synthesis and subsequent screening.

Screening of peptides

The reactivity of peptides screened by liquid phase indirect
ELISA with IBDV-positive and IBDV-negative, RDV-positive

and FAV type4-positive sera are shown in Table 2. Mean A492
values higher than the 2-fold of A492 value of the control peptide
(pRandom) were considered positive. It is evident that the
peptides reacted specifically with anti-IBDV antibodies and
that there were no cross reactions with antibodies to other avian
viruses such as RDV and FAV at the same serum dilution (1:50).
The peptides were repeatedly regenerated (50 times) by
breaking the antigen-antibody complexes with the urea buffer
and reused without any change in their activity.

This study established that the peptides of VP3 of IBDV
were specific to anti-IBDV antibodies and could help in
detecting anti-IBDV antibodies in chicken sera in the
presence of other antibodies. The advantage of this method
is the possible reuse of peptides in at least 50 tests.

Three specific peptides and a random peptide were
negative with IBDV antibodies in ELISA and were excluded.
The first three peptides that displayed a maximum
absorbance with a positive anti-IBDV antiserum and
a negligible absorbance with RDV and FAV antisera were
selected for use in further experiments.

Production of anti-peptide antibodies

The amino acid sequences of MAPs synthesized for
highly reactive VP3 are shown in Table 3. Three MAPs were
synthesized and used for immunization of rabbits. The
ELISA titers of anti-MAP antisera are depicted in Table 4.
The antisera raised against MAP1 and MAP2 showed very
low titers, namely 64 and 128,respectively, while the anti-
MAP3 antiserum had a titer of 2048 on the 50th and 97th

days post immunization with both MAP3 and native antigen.
This clearly indicated that the MAP3 anti-peptide

antibodies reacted specifically with IBDV in ELISA,
signifying the presence of a potent antigenic determinant,
which could help in diagnosis of IBD at an early stage of
infection. Furthermore, the fact that the MAP3 anti-peptide
antibodies reacted with the native antigen and that they were
able to recognize the cognate sequence present in the native
virus, is an interesting finding of this study. Similarly, these
anitsera were titrated using the native antigen (Table 4). The
failure of the anti-peptide antibodies to MAP1 and MAP2
to recognize the native virus as such in ELISA could be
either due to the absence of the respective antigenic
determinants or to the dissimilarity in the epitope
conformation.

When 2 and 4 copies of each of the three MAPs were
used for immunization they failed to elicit an immune
response. The resulting antisera were of very low titers (<4).
Therefore, it was concluded that a minimum of 8 copies of
a MAP is required for induction of a significant antibody
response and that the use of a carrier protein is not necessary.
Thus MAP3 antisera could be effectively utilized for the
detection of IBDV in enzootic and mixed infections.
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Table 2. ELISA screening results of IBDV VP3-specific peptides with different sera samples

Region on VP3
IBDV-positive IBDV-negative RDV-positive FAV-positive

A492

p974–995a 0.652 0.071 0.048 0.051
p722–735a 0.636 0.046 0.054 0.098
p841–849a 0.617 0.056 0.009 0.063
p806–817 0.590 0.138 0.005 0.056
p983–995 0.576 0.008 0.008 0.080
p971–981 0.557 0.108 0.008 0.072
p881–890 0.550 0.158 0.004 0.071
p745–754 0.538 0.106 0.018 0.096

p1004–1013T 0.531 0.172 0.006 0.025
p951–965 0.505 0.005 0.006 0.025
p932–941 0.484 0.013 0.005 0.081
p907–921 0.468 0.151 0.004 0.065
p852–865 0.467 0.186 0.007 0.091
p893–904 0.458 0.055 0.004 0.044

bp1004–1013A 0.390 0.068 0.006 0.049
bp758–768 0.353 0.088 0.016 0.056
bpRandom 0.201 0.125 0.146 0.103
bp824–837 0.187 0.148 0.015 0.029

aPeptides showing strong reaction with anti-IBDV antibodies in ELISA.
bPeptides showing negative reaction with anti-IBDV antibodies in ELISA.
All the sera are polyclonal and used at 1:50 dilution.

Table 3. Amino acid sequences of MAPs synthesized for the VP3 region of IBDV

MAP Region on IBDV Length No. of copies
(No. of aa)  of each peptide Sequence Calculated Mr

MAP1 722-735 14 8 IKRFPHNPRDWDRL 17767
MAP2 841-849 9 8 VEARGPTPE 9895
MAP3 974-995 22 8 KHRNPRRAPPKPKPKPNVPTQR 24911

Table 4. Titers of anti-peptide antisera raised against the three MAPs in ELISA

Day post ELISA titers

immunization MAP1a Virusb MAP2a Virusb MAP3a Virusb

0 0 0 0 0 0 0
7 2 0 8 0 16 16
17 4 0 32 0 64 64
37 16 0 64 0 512 512
50 64 0 128 0 2048 2048
97 64 0 128 0 2048 2048

aTiters of anti-peptide antisera in ELISA using respective MAP as antigen.
bTiters of anti-peptide antisera in ELISA using IBDV as antigen.
A booster dose of 200 µg of each MAP in Freund's incomplete adjuvant was administered by i. m. injection on day 90 and bled on day 7 after the
booster. Anti-peptide antisera raised against MAP1 and MAP2 failed to bind native virus coated in ELISA and gave zero titer, while the anti-peptide
antiserum against MAP3 (p974–995), showing positive reaction in the ELISA plate coated with native virus and their respective titers, are shown.

In this study, for field evaluation, 20 bursal samples were
screened by conventional AGPT and ELISA with the anti-
MAP3 antiserum for its efficacy in detecting whole viral
antigen. The ELISA using the anti-peptide antibody and anti-
IBDV hyper immune sera performed equally well in

detecting the virus in bursal samples with a 90% positivity
and was more sensitive than the AGPT, which gave only
a 70% positivity.

In conclusion, it is suggested that the region of aa 974–
995 on VP3 is a potential antigenic determinant specific to
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IBDV and that the anti-peptide antibodies using the same
peptide in MAP format for the same region could detect the
virus in clinical bursal samples. Prospectively, these products
could be linked to any biosensor molecule for the
development of a diagnostic kit for field use and for the
development of a synthetic peptide vaccine.
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